Color spemﬁcatlons for the ofﬁcral glass color standards of the"
J.S Department of Agriculture for ‘extracted honey, maple sirup; -
jugarcane sirup, and sugarcane molasses are presented. These :
standards are used: for rapid classification of samples according to-

‘hromaticity. The chromaticities of the standards are widely and
rregularly spaced along the sugar- products locus on: the CIE
shromaticity diagram. Continuous single-number scales for color
1sed in the sugar industry are based either on absorption measure-
nents at specified wavelengths or on small-difference colorimetry.

The uniform color. scale. 6f “NBS units of sugar color,” proposed

>y Deitz and based on the Adams-color-difference - formula, is’
1seful as presently formulated only for the lighter colors. In-the. -
oresent paper a greatly “‘extended scalé of uniform chromat1c1ty,
)ased on MacAdam s data, ls presented for apphcatxon to solutlons -

Eastern Regzonal Research Laboratory,T thladelj?ln
5 : : (Recelved J'une 3, 1959) " .-

‘the achromatic point by 5,10, 15,04 ts
difference are lestablished, and thexr intersections with'an’

~ standards having chromaticities close to these initérs
~ thus spaced. 5junits apart on the scale.are descnbed
‘of MacAdam units of sugar chromatici
“can be estimated by three methods: by mterpolat
; aforementio_ned loci ‘on the CIE diagram, if the chromatl(:lt

of sugar produets Loci of pomts

locus. of sugar products are - determmed Forty-ﬁve las ;
ons and -

coordinates of the sample are known; by visual comparison with -~
the 45 glass sta pdards of known AS; and by measuring: absorbancy e
of ‘the sa_mple t 420, 560, or 720 my ‘and. referring* to graphs
relating absorbancy to AS 1f turbldlty is: neghglble L

INTRODUCTION

O completely satlsfactory or universal method has.

yet been developed for the rapld evaluation of the:

"olor and turbidity of sugar solutions in terms of one or

two variables. Complications are presented by the wide

range of chromaticities, by small but significant varia--

tions in the spectral character of the colorant, and by
variations in the amount and character of suspended

solids often present. Recent trends in the sugar. 1ndustry, -
a decreasmg use. of older - visual comparlson;
methods; an increasing use of one-dimensional photo-
metric methods“4 involving measurement of absorp--
tion at specified ‘wavelengths; -and introduction of *
the NBS unit of sugar color® based on small- dlﬁerence:

are:

colorlmetry A fourth and specialized trend is the

growing use of glass color standards for the class1ﬁcat10n :

of sugar products for regulatory purposes

Tt is.the purpose of this paper to review the present,
status of the Department of Agriculture’s (USDA) glass'

color  standards -for several sugar products, ‘and to
present a smgle-number scale of uniform chromatrcrty

for the evaluation of the color of sugar products over an

extended range.

“In the présent paper the chromat1c1ty aspect of sugar
colors will be emphas1zed ‘For clarified solutlons, the L
“extracted hdney, adopted in 1950 d,19 ' vely, -
~ have been descrlbed 67 The' gl s'color standard for
. sugarcane si :
“identical - ‘
;“Whrte,” “Extra hght amber ” and “Lrght amber.”
“They were iadopted in 19578 to replace colored solutrons

: prevrously used 9 They are shown in F1g 1 mounted asif E

lightness attribute of color plays a minor role and can be
cons.1dered dependent on chromatlcrty only, if obserying

cond1t1ons are properly ad]usted Excess turbldlty dueiﬁ

* Presented before the Amerlcan Chenucal Socrety, ChJcago, ;
Tllinois, September 11, 1958, in 4. symposrum on- Color and -

Turbxdrty in Sucrose Solutions. -

t Eastern  Utilization Research and Development D1v1s1on,\~
Agrlcultural Research’ Service, U. S. Department of Agriculture, .. -
edited :by .

~1T.-R. Gillett, Principles of Sugar Technology,:

P. Homg (Elsevrer Publishing Company, New York, 1953),‘f

.Chap.
2T R Glllett andW D. Heath Anal. Chem, 26 1780 (1954)
3 Zerban, Sattler, and Martin, Anal Chem. 23, 308( 951).
P ‘Zerban Martm, Erb, and Sattler, Anal. Chem. 24,168 (19,
i 5V R: Deltz,J Research Natl. Bur. Standards, 57 159 (1_

to suspended partlcles can be con51dered as ‘a: second S

-and sugarcane molasses. In each.c ge the standard ar
“used for classifying samples of th produ‘ t into broz
-groups accordmg to chromat1c1ty, .
; determlnmg factors for grade of the pro uct, =
rstandards should not. be: thought of as. provrdmg" g

_‘clasmﬁcatlon under condltlons 1nv01_

i

variable and can be evaluated by separate; ‘methods, if

important. Such methods will not be discussed: Ofﬁc1al R
classification of the products under’ discussion i S
on the basis of chromaticity only When excess- turbldltyr S

is present, it is roughly compensated so that attentlon =

can be conﬁned to chromat1c1ty comparlsons o

GLASS COLOR STANDARDS

developed glass color standards fo;
tion of maple sirup, extracted honey;

one of the; e

tion in us :by the mdustry They \ to
prov1de a simple, rapid; and’ convenis nt.f method of
nspectron ofpr‘

many samples m. various locations.:
The glass color standards for

p, desrgnated No: ‘
‘three of -the honey standards, namely,'

g, Opt Soc. Am. 46,293 (1956);

8B A Bn‘
" TBrice, T ite, I Assoc Official Agnc Chem. 39,
919 (1956).

g rdes: of sugarcane su*up,}_ L
16, 1957 (Agrxcultur Marketmg Servrce, U.S.

tlof Ag gricultire; Washington, D:C.). = =0 -
¢ andC F Walton, Jr, An'al
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AEnBs
MacAdam chromaticity

a

alternate - windows in a simple metal comparator
identical with that used for maple sirup and honey.5"
The viewing thickness for samples of sugarcane sirup,
% in. (3.2 mm), is, however, much smaller than that
for maple sirup and honey (31.5 mm). The container
for samples is a cemented rectangular cell of transparent
plastic. The filled cell is placed in compartment 2 or 4
of the comparator and comparison with adjacent
standards is made by viewing the comparator against a -
diffuse source of natural or artificial daylight. Because
of the high clarity of this product no turbid sus-
pensions®” or clear “blanks” behind the glass standards
are necessary. '

The glass color standards for sugarcane molasses,
adopted in 1959, are mounted and used in a similar
manner. The standards are designated No. 1, No. 2, and
No. 3. The viewing thickness for this extremely dark
product is 0.100 in. (2.5 mm), and the container is
similar to that for sugarcane sirup (Fig. 1). Since
samples of molasses show variations in turbidity, three
achromatic suspensions of diatomaceous earth, identical
to those used with the standards for maple sirup,® are
provided as a means of adjusting the luminous trans-
mittance of the standards in making final comparisons
of chromaticity. '

Experimental glass color standards for liquid sugar
were prepared in 1954 but have not been adopted. They
are of interest in the present discussion because of the
light color of this product. The sample was contained
in a 100-mm optical cell and viewed in close juxtaposi-
tion to the three glass standards. An artificial daylight
source provided diffuse illumination for critical viewing.
No blanks or cloudy suspensions were required because
of the high clarity of the product. .

The glass color standards for all these products are
used in a similar manner. The glass standards are
mounted as windows in compartments 1, 3, and 5 of
the comparator. The sample, in a square bottle or an
optical cell of the prescribed internal thickness, is
placed between adjacent standards. Classification is
done on the basis of chromaticity only, the glass
standards furnishing boundary points for the grade
intervals on a one-dimensional scale. For products

F1c. 1. Color comparator for classification of sugarcane sirup,
showing the three mounted glass standards and two samples in
cells of internal thickness % in. : N ;

1 “United States standards for grades of sugarcane molasses,
effective November 16, 1959” (Agricultural Marketing Service,
U. S. Department of Agriculture, Washington, D. C.). .
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FIG 2 CIE chromat1c1ty dlagram, showmg coordmates for samp]es of maple slrup 31 S5 mm- ( 0);

\caramel-glycenn solutions, 31.5 mm (O); hqmd sugar, 100 mm (A) the varlous I

and the avera.ge locus of chromatlcrtles for sugar products

€

;*5hav1ng vanatlons m turbldlty (maple 51rup, extracted

‘honey, and. sugarcane molasses) clear “blanks” and
, three \ ]
“levels of turbidity, are provided in. 31. S-mm square . D

“achromatic suspensions of diatomaceous earth,

bottles. The blanks or turbid suspensmns arefplaced‘_/
~ behind the- ~glass standards in such'a w

- chromaticity is made at roughly the same level o

- luminous transmittance using a diffuse source of natural 75
or artificial daylight. The accuracy of classification 1s;
very hlgh since only a small proportion of samples will -

have chromaticities close enough to the standards to

_ make - classification dlﬁﬁcult or doubtful Dlsputed' f

'cla551ﬁcat10ns can, if necessary, be resolved in the

. laboratory using a. polanzatlon photometer, a source of -

- CIE Illummant C, a master set of standards, and 'a

"?premsmn cell. : : ”
Complete specrﬁcatlons for the vanous glas ’color,’_~
standards -are assembled in Table I. .Methods and‘
~tolerances ‘have been previously described.®7 T
- accuracy of the CIE data for the two standards usin
- red glass, type';( )y is' less than that for the other

~ standards. Figure 2 is a plot of the CIE chromat1c1ty

‘dragram showmg the coordmates of the glass color

7othatifinal 0 o T
comparison ‘of sample chromatlcrty “with. standard*;' CE ]

d honey, 315 m

ISDA glass color: standard or T sugar products (-l-) ; ,;_

'Adlmehsion,
The Iatter

\90101' ,are a

; indﬁStry, 1
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'~ scales. One is physical, based on measurement of
absorbancy or attenuancy at one or more wave-
lengths.'~* This measures approximate relative con-
- _centration of colorant The second approach is psycho-
physical, based on visual discrimination data.

Deitz® has made a major contribution on the latter
approach by introducing the “NBS unit of sugar color.”
This system expresses, on a scale of uniform per-
ceptibility, the number of just noticeable units of color
“difference between a given sugar solution and a “color-
~ less” reference solution of highly purified sucrose when
~ viewed under CIE Illuminant C. This color difference,

AExgs, is a fundamental quantity based ultimately on
a large body of data associated with the Munsell color
system through the Adams formula for computing small
color differences. The number of NBS units of sugar
color for a given sugar solution can be calculated
precisely from tristimulus values or approximately from
attenuancy' measurements at 420 and 560 mgu. The
-method applies very well in the region of lighter sugar
colors for which it was designed. It cannot be applied, at
. least by :the present method of calculation, to the
medium and highly colored solutions shown in Fig. 2.
“This limitatien was fully realized by Deitz and will be
discussed later. :
Other choices are available in the field of small-
- difference colorimetry.”? In the following analysis, the
data of MacAdam,”® based on the standard deviation
of chromaticity matching of aperture colors at constant
luminance, have been applied to the problem in a
-fashion outlined by Ingle. The MacAdam equation for
 the difference AS between two chromaticities is

(AS)2~gu(Ax)2+2g12AxAy+g22(Ay) ) )

where Az and Ay are the dlfferences in the CIE coordi-
nates for the two chromaticities; and g1, 2g12, and gos
~are coefficients that can be determined by graphical
interpolation.’® Increments along a line of constant
dominant wavelength in the CIE chromaticity diagram
can be expressed by

 Ay=mAz, (2
where m is the slope of the line, which can be readily
calculated.’® By eliminating Ay between Egs. (1) and
(2), and solving for Ax

Ax’: AS/ (g11+ 2g12m+g22m2)?. (3)

This equation was used to compute by successive
increments of AS=35 the coordinates of points along
lines of constant dominant wavelength that differ from
: the achromatlc pomt by 5, 10, 15, - - - MacAdam units

11 Deitz, Penmngton and Hoffman, J. Research Natl. Bur.

Standards 49, 365 (1952)
2D. B. Judd Color in Business, Science, and Industry (John
Wiley & Sons, Inc:, New York, 1952) , Dp. 224-277.
BD:. L. MacAdam, J. Opt. Soc. Am. 33, 18 (1943).
12 G, W. Ingle, A.S.T.M. Bull,, No. 201 6-10 (October, 1954).
15D B. Judd, J. Opt. Soc. Am. 23, 359 (1933

of chromaticity difference. The numerous interpolations
necessary were facilitated, and cumulative errors
minimized, by the following steps: replotting Mac-
Adam’s Figs. 1-3 to a larger scale; superposing twelve
lines of constant dominant wavelength from 570 to
620 mu on each plot; plotting twelve curves each of
g11, 2g12, and gee versus x from the intersections of the
lines- of constant dominant wavelength with loci of
various values of the coefficients ; determining, from the
latter plots, the values of g1, 2¢12, and ges corresponding
to intermediate or average values of x for each successive
interval AS=35 along a line of Constant dominant
wavelength ; and finally, computing Ax and Ay for each
interval from Egs. (3) and (2), and from these values of
x and y for each point corresponding to AS=35, 10, 15,

- along each line of constant dominant wavelength.

The coordinates of the latter points are shown in
Table II. The results are plotted in Fig. 3, showing the
loci of points distant from the achromatic point by
5, 10, 15, , 220 MacAdam units, and the average
locus of chromaticities of solutions of sugar products.
This scheme furnishes a fundamental scale of uniform
perceptibility along or near the average locus of chroma-
ticities of sugar products, making it possible to express
the departure from “colorless,” along a line of constant
dominant wavelength, for any given sugar solution. The
valueof AS, or “MacAdam units of sugar chromaticity,”
can be precisely determined by interpolation on this
graph, if the chromaticity coordinates of the sample are
known. This is true whether the sample is on the average
locus of sugar products or is an “off-locus” chromaticity.
Values of AS for the various USDA glass color standards
for sugar products calculated in thlS way are shown in
Table I.

A second method of determining AS for a given
sugar solution would be available if we had a set of
some 45 glass color standards representing the inter-
sections, in Fig. 3, of the MacAdam loci with the average
locus of sugar products. Each glass could be designated
by 5, 10, 15, - - -,
ticity. By visual comparison of .a sample with these
glass standards a value of AS could readily be estimated.
A set of such glasses, corresponding approximately to
the indicated intersections, has been prepared in
accordance with the specifications in Table III. CIE
data, and hence AS values, were available for at least
three thicknesses of each glass type shown. This per-
mitted use of a single-wavelength test method, similar
to that already described,®? for calculating the thickness
of a glass type to give a specified value of AS. This was
done from linear plots of AS vs transmittance relative
to a standard T/T, at selected wavelengths. The 45
glasses were mounted on frames in such a way that a
sample could be moved along the series in close juxta-
position to the glasses. One or more clear glass sheets
were combined with some of the glasses to adjust their

220 MacAdam units of sugar chroma- -

s

luminous transmittances to approximately equal those j

} ‘of caramel-glycerin solutions (or filtered sugar solutions).
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X
- 220 MacAdam

~units of chromaticity difference. The average locus of chromaticities of sugar products is also shown

Comparisons of sample and standard chromaticities
should be made at constant luminance. This can be
accomplished in a rough way by moving nearer to an
artificial diffuse source of white light for comparisons
in the medium and dark range of chromaticities.

A third method of determining AS for a given sugar
solution is avallable through correlation with ab-
sorbancy data at selected wavelengths for solutions of
negligible turbidity. Tentative correlations are shown in

420mp
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F16. 4. Relationship between absorbancy at selected wave-
lengths and MacAdam units of sugar chromaticity for solutions
of sugar products havmg negligible turbidity.

Fig. 4 from data on liquid sugars (thickness 100 mm,
with clear colorless glass as reference) and on caramel~
glycerin solutions (31.5 mm, reference, glycerin). Values
of AS were determined graphically (Fig. 3) since
chromaticity coordinates were known. The entire range
of chromaticities is covered by use of 420 myu for light-
colored products, 560 myu for medium-colored products,
and 720 my for dark products. These are the wave-
lengths . commonly used in the sugar industry for
evaluating the color of sugar solutions absorptiometri-
cally. The curves are not linear but the relationships
are systematic. :
A comparison of MacAdam units of sugar chroma-
ticity and NBS units of sugar color® is made in Table IV

_ by means of data on some of the glass color standards

of Table I. The NBS units are calculated with and
without the ‘“darkness” term [0.23(10—7V,)]? of the
Adams equation, i.e., for total color and for chroma-
ticity only; also with the recommended conversion
factor’? f=50 and with an arbitrarily selected factor
f=46. The following conclusions are drawn from these
data. (1) There is little difference, at least for the lighter
colors, between AEygs for total color and for chroma-
ticity. (2) For the lighter colors up to at least 60 units,
the two chiromaticity scales AS and AExss agree within
about 109 and can be made to coincide for all practical
purposes by choosing f=46 in the Adams equation.



calculation involving increments. The MacAdam scale

-of sugar chromatraty does not have this limitation and ' -
“hence has the present\ advantage of greatly extended
‘range, about 0-220 units. Neither scale should be

‘regarded as perfect from the viewpoint of uniform
perceptlblhty, but it is gratifying that they agree well
.in-the range of hghter colors.

TABLE III Intersectlons of MacAdam 5X loci wrth average

sugar products locis. Descrlptxon of glass standards with chroma—
t1c1ty coordmates near the intersections. .

8 vahd only for t’he hghter colors a,bove the s'pa

Deltz for AENBs, Wthh was about 0— 70 units. ThlS (
limitation could probably be overcome by a method of

Wlth MacAda units of sugar chromaticity; AS

Glass . Total ~ Chromaticity’ only :
standard colors - o f= 50 =46-"
WW(ls)" . 233 218 20.1
“Wls) 463 43 408
WW (B) 49.7 - - . 468 430 .. -
. EW(h) l 67.7 . .. 650.. 598
W (%) ; 95.2 90.6+ 834 e
LA (ms) 100 SO5 L 8T
ELA (k) L1140 105 97
MA(ms)- 121 110 101 o
DA(ms) -~ | 112 85 . 78
LAG) 0 113 86 T

A 0 11 48 M

Interséctions with
sugar products

_ locus Glass standards along sugar Iocus N
. : ‘ Glass :
MacAdam thick- Test
units : Glass ness A . Test .
AS x v types mm - mg standarde T/Ts
003101 03163  clear ~ --: ces o eie
~+5°.0.3163 0.3248 1) 0.61 429 WW(ls) 1.46
10 03231 03338 1.12 1,31
15 0.3303 0.3429 1.64 1.16
20 - 0.3380 *.0.3522 . 2.36 - 1.00
25 10.3462  0.3622 2) 1.44 454 WW(h) 1.67
30 0.3550 0.3720 1.84 147
35 0.3650 0.3831 2.26 1.29 -
40 -0.3759 0.3939 . © 2.66 1:10
45 7-0.3870 0.4040 3.08 0.91
50 ,0.3976 0:4132 i 3.50 : 0.73
55 .0.4080 04211 . (3) 1.10 481 EW(@®) 111
60 0.4177 04274 1.24 . - 099
65 0:4267 0.4328 4) 130 521 W(k) 1.58
70 04357 04373 © 142 1.48
« 75 104449 0.4412- 1.55 1.39.
‘80~ 0.4539 - 0.4449 . 1.69 1.29
85 " 0.4624°  0.4478 1.84 1:20
90 .0.4710 0.4500 2.06 - 1.10-
95 -0.4798 0.4517 2.20 1.00 -
100 0.4882 0.4527 2.37 0.91
1105 - 0.4970. 0.4530 - 2.60 0.81
110 0.5054 * 0.4528 2.86 0.71
115 05146 0.4514 3.15 062
120 0.5231. 0.4496 5y 172 ELA(E) 1.09
©125 00,5321 0.4468 . 1.90 : 1 0.993
130 -.0.5412 ° 0.4430 2.10 . - 0.883
135/ 0.5508 0.4384 2.32 0.777
140 - 0.5607 0.4322 2.60 0.667
- 145 - 0.5700 - 0.4250 ©2.90 : 0.564
~¢150 7 0.5803 0.4163 3.23 LA() - 144
155.°0.5908 - 0.4066 3.62. -0 1.32
160 --0.6011  0.3971 . 4.06 1.19
-+ 165 10.6097: 0.3888 4.58 1.06:
170. ©0.6188 0.3804° 518 - © 0923
175 0.6273 - 0.3720 592 - 0.787
180 . 0.6362°--0.3632 - 6.80 S 0.650
185 :0.6452 - 0.3542 - (6)+(7) 1.15 578 A(h)° 1.85¢
190 :0.6518 0.3474 ° 1.30 1.65
195 . 0.6580 0.3415 1.43 1.45
200 . 0.6642 0.3353 1.56 1.25
205 0.6700 0.3293 1.70 - 1.05
210 0.6760 < 0.3234 - 1.84 0.85
215 0:6822 0.3176 ° 197 0.65 .
i 220,‘,0.688_2 103116 - -2.10 - 045
" aSee Table I

“b-Thickness of smoke component type (7)
o Cherry component only type )

NG : ‘ E

‘solids. Although this can be done in many cases, it
" would be inconvenient and. 1mpract1cal at least for

'\ a See references 5 and 12 (page 267).
b See Table I for identification.

With either scale the thickness of solution or hquld

‘viewed must be speCIﬁed Deitz® has shown that below

40 units AEyss is proportlonal to-thickness: of sugar

solution v1ewed permitting predictions of color of -

mixtures of sugar liquors., (if pH and. concentration of -
sugar solids is held constant); also that in-this range
AExmps is proportional, within. -2 units, to attenuancy/?

~at 420 my. The same should be true of the MacAdam -
scale of sugar chromaticity in thisrange, although close

hneanty is not indicated in Fig. 4. This’ property is

* very useful but is likely coincidentdl and cannot be

expected to hold over a wide range. For example in’

selecting the color standards for sugarcane molasses and,» L

a practlcable viewing thickness of product, it was found
that in the range AS=117 to 220 a reduction of viewing -
thickness from 0.125 to 0.100 in. (a 209, re ‘

‘resultedina shift of AS amounting to approXnnateiy 6%

It could be argued that all chromaticities in the
medium and dark range could be shifted to values of
70 uhits or less, where both scales agree, by- chorce of -
thinner cells or by dilution ‘with ‘“colorless” sugar
solution of the same pH and concentratlon of sugar.

purposes of official classification, for such dark productstii

as sugarcane sirup and sugarcane molasses:

The MacAdam single-number scale of sugarvchroma;i"y'
t1c1ty has the advantages of covering ‘the entite gamut -

- of sugar chromat1c1t1es determination of scale number -

from chrornat1c1ty cootdinates rather than from tri-

_ stimulus values, and of representation by a series. of

glass standards spaced at intervals of five units-on the -

“scale. By means of correlations such as those shown in -

Fig. 4 and Table IV, other scales in use by the sugar -

~industry. could be compared or converted to a single.
scale of fun
~ spaced uniformly 8n this scale would likely not be .

amental meaning. The 45 glass: standardsﬂ

practicable Eor general use because of the dlﬂiculty in
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-reproducing - them. ;However; selected glasses in the

series, or any one of the well-characterized USDA glass

color standards, might have practical application in the

sugar -industry, for example, in control work where
color- limits or reference points in simplified visual

- methods are needed. Another potential use for the
MacAdam scale and this series of glasses is in the .

selection or the revision of glass color standards for
various sugar products. It is obvious from an examina-
tion of Table I that a uniform or systematic spacing
was not achieved in any of the USDA glass color

- standards for sugar products, except in the experimental

\

standards for liquid sugar. This is because spacings
were established arbitrarily many years ago and were
not readjusted when glass color standards were devised
to replace previous standards. Examples in other

commodities for which transparent standards were
revised to achieve a systematic visual spacing are the
USDA - color standards for rosin'® and the Union
Colorimeter scale for lubricating oil and petroleum.”
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